Objectives: In this paper, we report the long-term outcomes of the endovascular treatment of femoropopliteal occlusive disease, focusing on the importance of calcification and runoff outflow on limb salvage and patency, and the factors associated with these outcomes at a single center. Methods: This retrospective cohort study included consecutive patients with femoropopliteal occlusive who underwent femoropopliteal angioplasty at the Division of Vascular and Endovascular Surgery, Hospital do Servidor P ublico Estadual, São Paulo, Brazil, between January 2015 and July 2017. Results: In total, 86 femoropopliteal occlusive angioplasties were performed in 86 patients, with an initial technical success rate of 95.34%. The mean AE standard deviation follow-up time was 880 AE 68.84 days. The analysis was performed at 720 days. Technical failure occurred in four patients, who were excluded from the analysis, leaving 82 patients and 82 femoropopliteal occlusive angioplasties. The estimated primary patency, secondary patency, limb salvage, and overall survival rates at 720 days were 60%, 96%, 90%, and 82.5%, respectively. In univariate and multivariate analyses, Cox regression showed worse primary patency rates in patients with one tibial vessel or isolated popliteal artery runoff (p ¼ 0.005), calcification grade 4 (p ¼ 0.019), calcification grade > 2 (p ¼ 0.017), small vessel diameter < 4 mm (p ¼ 0.03) or primary angioplasty without stenting (p ¼ 0.021). A univariate analysis showed worse limb salvage in patients with one tibial vessel or isolated popliteal artery runoff (p ¼ 0.039). Conclusions: In this study, the main factors associated with worse outcomes in the endovascular treatment of femoropopliteal occlusive in terms of loss of primary patency were one tibial vessel or isolated popliteal artery runoff, calcification grade 4, or calcification grade > 2, small vessel diameter < 4 mm, and no stents use. One tibial vessel or isolated popliteal artery runoff was also associated with limb loss in a univariate Cox regression analysis.
Introduction
The endovascular treatment of femoropopliteal occlusive (FEPO) disease is now very well established in the global literature. Stenosis and occlusion of the superficial femoral and popliteal arteries may lead to incapacitating claudication and potentially critical limb ischemia, with limb loss and a severe impact on the patient's quality of life and overall survival. 1 In recent years, the treatment of FEPO has undergone substantial changes. Most treatment guidelines previously recommended endovascular interventions for single, short, and focal lesions, and open surgery for extensive FEPO. However, with recent improvements in the technology and in endovascular techniques, the guidelines now advocate endovascular treatment rather than open surgery as the primary intervention for focal or extensive disease. 2, 3 Many studies have evaluated the factors affecting the outcomes of endovascular treatment of FEPO, mainly Trans-Atlantic Inter-Society Consensus (TASC) classifications and the length of arterial lesions, but few have examined the influence of the arterial calcification index or tibial vessel runoff.
In this paper, we report the long-term outcomes of the endovascular treatment of FEPO, focusing on limb salvage and patency, and the factors associated with these outcomes, especially infrapopliteal vessel runoff and the calcification index of the femoropopliteal arteries.
Methods
This retrospective cohort study included consecutive patients with FEPO who underwent femoropopliteal angioplasty at the Division of Vascular and Endovascular Surgery, Hospital do Servidor P ublico Estadual, São Paulo, Brazil, between January 2015 and July 2017. The patient data were collected from the hospital's database using Microsoft Access V R software (Microsoft, Seattle, WA). The data obtained included the patients' general and demographic characteristics and information recorded during outpatient follow-up visits. The patients' hospital records were also consulted if necessary. The details of the surgical procedures were retrieved from the database and the patients' medical records. In our department, all patients undergo cardiac evaluation by a specialist to assess their cardiac risk, based on the guidelines for perioperative cardiovascular evaluation and care in noncardiac surgery published by the American Heart Association. 4 Patients with critical limb ischemia who underwent femoropopliteal angioplasty during the index period were eligible for the study. Patients who experienced an initial technical failure were excluded from the study. The arteriographic procedures performed were reevaluated in all patients to ensure the protocols were accurately reported. After the arteriograms were reviewed, the patients were classified according to established protocols, including the TASC II classification, 5, 6 the diameter and length of the catheter balloons and stents used, and other factors associated with endovascular treatment. In our department, we prefer to use bare-metal stents for femoropopliteal angioplasty. Patients receive 300 mg of clopidogrel as the loading dose immediately after the procedure, and continue receiving 75 mg/day of clopidogrel for six months after surgery and aspirin (100 mg/day) for life. This dose of aspirin is administered to all patients unless there are contraindications. All patients in this study received some type of statin, either before or after surgery. The indications for angioplasty were based on the TASC II guidelines. 5, 6 In our department, we use primary nitinol stents for superficial femoral artery occlusion. For popliteal angioplasty, we use a primary balloon with selective stenting if the first two attempts at primary angioplasty have been unsuccessful due to dissection or recoil.
The arteriography procedures performed on the patients were reevaluated to confirm the accurate execution of our departmental protocols. The patients were then evaluated according to the TASC II classification, the length of the target lesion, the use of stenting, and other factors associated with endovascular treatment. 5, 6 The required information was obtained for each patient and independently assessed to determine the Bollinger classification of the femoropopliteal and infrapopliteal segments. The Bollinger Score consists of a vectorial score that considers the pattern of occlusion, stenosis, and plaques, and an additive score that describes the severity of the lesion. Four categories of occlusive lesions were defined, in descending order of severity: complete occlusion of the lumen, >50% stenosis, 25-50% stenosis, and plaques with <25% stenosis. The length of the occlusion was also considered when scoring the angiogram, using a previously described semiquantitative method for evaluating routine lower-limb arteriograms. 7 We classified the patients according to whether runoff was via one or two tibial vessels or via an isolated popliteal segment, which was defined as a patent popliteal artery of at least 7 cm that had no communication with the tibioperoneal trunk or tibial vessels. We also stratified the patients into two groups according to runoff, based on the Bollinger Score.
The grade of calcification of the femoropopliteal arteries was defined with the proposed peripheral arterial calcium-scoring system (PACSS). 8 This score describes the intimal and medial vessel wall calcification at the target lesion site, assessed with highintensity fluoroscopy and digital subtraction angiography in the anterioposterior projection. There are five grades: grade 0, no visible calcium at the target lesion site ( Figure 1) ; grade 1, unilateral calcification of <5 cm ( Figure 2) ; grade 2, unilateral calcification of >5 cm ( Figure 3) ; grade 3, bilateral calcification of <5 cm ( Figure 4) ; and grade 4, bilateral calcification of >5 cm ( Figure 5 ). We termed grades of 2 and higher as intense calcification, and those less than grade 2 as low calcification.
The initial technical success of the femoropopliteal angioplasty was defined as residual stenosis of 30%, no dissection after the procedure, and prompt restoration of the blood flow in the previously stenotic or occluded artery. Procedures such as debridement and minor amputations were also performed during hospitalization, if necessary.
All the patients were followed up with outpatient visits at the following timings after discharge: 15 days, 1 month, 3 months, 6 months, 12 months, and every 6 months thereafter. The following information was recorded at each visit: pulse palpation, ankle-brachial index (ABI), and symptoms. Whenever possible, we also examined the patients with arterial duplex ultrasonography at 1, 3, 6, and 12 months after surgery, and every 6 months thereafter. If any clinical or sonographic changes were observed, the case was discussed at a departmental meeting to assess whether reintervention was required. Occlusion of the treated artery was defined as no flow, segmental, or complete, based on duplex ultrasonography. Significant restenosis was defined as >50% based on angiographic estimation or ultrasound derived velocity parameters (peak systolic velocity ratio ! 2.0) ABI with a decrease > 0.15 suggested an alteration in the patency of the angioplasty.
In this paper, we report the long-term outcomes of the endovascular treatment of FEPO disease, focusing on the importance of calcification and the runoff outflow on limb salvage and patency, and the factors associated with these outcomes at a single center. 
Results
In total, 86 femoropopliteal angioplasties were performed in 86 patients, with an initial technical success rate of 95.34%. The mean AE standard deviation followup time was 880 AE 68.84 days. The analysis was performed at 720 days, with a follow-up rate of 96.8% in two years. Technical failure occurred in four patients, and involved the failure to progress a 0.035-inch guidewire through the lesion in all four patients. These patients were excluded from the analysis, leaving 82 patients and 82 femoropopliteal angioplasties.
The general characteristics of the patients are listed in Table 1 and the perioperative data in Table 2 . The indication for revascularization was critical limb ischemia in all patients (100%) ( Table 2 ). The perioperative mortality rate was 4.8% ( Table 2 ). The endovascular procedures are summarized in Table 3 . The left limb was treated in the majority (51.2%) of patients. The ipsilateral anterograde femoral artery was the commonest puncture site (93.9%). Isolated angioplasty of the femoropopliteal segment was performed in 32.6% of patients, and most patients underwent femoropopliteal and infrapopliteal angioplasty with 67.4%. Self-expandable nitinol stents were used in 65.5% of patients. None of the stents fractured during follow-up. When we classified the arteriographic lesions according to the TASC II system, type B lesions were the commonest (in 51.2% of patients). The predominant PACSS calcification score was grade 4 (47.5%). Twenty-six (31.7%) patients had two tibial vessel runoff, 52 patients (63.4%) had one tibial vessel runoff, and four patients (4.9%) had isolated popliteal artery outflow. The Bollinger classification was worse in patients with one tibial vessel or isolated popliteal segment runoff (mainly the distal anterior tibial artery (p ¼ 0.029), proximal peroneal artery (p ¼ 0.001), distal peroneal artery (p ¼ 0.000), or proximal posterior tibial artery (p ¼ 0.048)), than in patients with two infrapopliteal artery runoff ( Table 4 ). The mean ABI was greater after surgery than before surgery (0.65 vs. 0.52, respectively; p ¼ 0.01). Twenty patients (24.3%) required reintervention, with endovascular surgery in 14 patients (17%), femoropopliteal bypass surgery in four patients (4.87%), and femorotibial bypass in two patients (2.4%).
The estimated primary patency, secondary patency, limb salvage, and overall survival rates at 720 days were 60% (Figure 6 ), 96% (Figure 7 ), 90% (Figure 8) , and 82.5% (Figure 9 ), respectively.
In univariate and multivariate analyses, Cox regression ( In a univariate analysis, Cox regression showed worse limb salvage rates in patients with one tibial vessel or isolated popliteal artery runoff (p ¼ 0.039; HR ¼ 4.69). A multivariate analysis showed no differences in the limb salvage rates among the covariates analyzed (Table 6 ).
Cox regression showed that none of the covariates analyzed was associated with reintervention, including calcification grade, runoff, diabetes, chronic renal failure, or TASC classification ( Table 7) .
None of the covariates analyzed (calcification grade, runoff, TASC, diabetes, chronic renal failure) affected the overall survival rate or was associated with worse results (Table 8) .
Five transfemoral amputations (6.1%) and two transtibial amputations (2.4%) were performed within 720 days of surgery. Figure 6 . Kaplan-Meier analysis of the primary patency rate. Primary patency rate at 720 days was 60% and the standard error was <10%.
Discussion
In a multivariate Cox regression analysis, Lida et al. 9 identified female sex (HR 1.899; 95% confidence interval (CI) 1.318-2.737; p < 0.001), ABI < 0.6 (HR 1.921; 95% CI 1.348-2.736; p < 0.001), TASC II C/D lesion (HR 2.068; 95% CI 1.346-3.177; p = 0.0009), stent fracture (HR 1.937; 95% CI 1.203-3.118; p = 0.006), and no administration of cilostazol (HR 2.102; 95% CI 1.394-3.172; p < 0.001) as strong independent risk factors for restenosis. In our study, there were no cases of stent fracture and the factors associated with worse outcomes of the endovascular treatment of FEPO, in terms of loss of primary patency, were one tibial vessel or isolated popliteal artery runoff (p ¼ 0.005), calcification grade 4 (p ¼ 0.019), calcification grade > 2 (p ¼ 0.017), femoropopliteal vessel diameter < 4 mm (p ¼ 0.03) or primary ballooning without stenting (p ¼ 0.021). Very few studies in the literature have evaluated whether these factors are predictive of worse outcomes. In terms of infrapopliteal artery outflow, as in the present study, Salapura et al. 10 showed that one month after femoropopliteal angioplasty, 23% of patients with compromised runoff developed restenosis or reocclusion, compared with 11% of patients with good runoff (p ¼ 0.03). After six months, the incidence of restenosis or reocclusion had increased in both groups at approximately equal rates, and the difference was no longer significant: 39/80 (49%) in the compromised runoff group vs. 36/83 (43%) in the good runoff group after 6 months (p ¼ 0.49), and 42/73 (57%) vs. 38/73 (52%), respectively, after 12 months (p ¼ 0.51). They concluded that compromised postprocedural infrapopliteal runoff predisposes patients to early restenosis or reocclusion after femoropopliteal angioplasty. The deterioration of infrapopliteal runoff in the year after femoropopliteal angioplasty was accompanied by worsening of the long-term femoropopliteal patency. These findings are consistent with our results, but it is important to note that we conducted our analysis at 720 days after surgery, a longer period than was used by Salapura et al. . Kaplan-Meier analysis of the secondary patency rate. Secondary patency rate at 720 days was 96% and the standard error was <10%.
In the present study, a Cox regression univariate analysis showed that infrapopliteal vessel or isolated popliteal arterial segment runoff was associated with worse limb salvage. The Bollinger classification indicated that outflow was worse in the patients with one infrapopliteal vessel or isolated popliteal arterial segment runoff than in those with two infrapopliteal vessel runoff, which explains the worse primary patency and limb salvage rates in the former group. These findings differ from those of a previous study undertaken in our department, in which de Athayde Soares et al. 11 investigated whether the number of infrapopliteal arteries undergoing endovascular treatment was associated with the limb salvage rate in patients with critical limb ischemia. The conclusion drawn was that it is not necessary to treat the largest number of arteries possible in these patients. Instead, the artery most amenable to endovascular procedures should be treated to maximize the limb salvage and secondary patency rates. Although that study exclusively investigated infrapopliteal angioplasty, it is noteworthy that the Bollinger classification was similar in both groups (one infrapopliteal artery vs. two infrapopliteal arteries), demonstrating similar infrapopliteal outflow and runoff.
Another factor related to worse primary patency rates in the present study was the grade of calcification in the femoropopliteal arteries, defined and scored with PACSS. PACSS grade 4 and grade > 2 were factors related to worse primary patency. However, the reintervention rate was not influenced by these factors. In contrast, when Hiramori et al. 12 investigated the relationship between the outcomes of endovascular therapy for femoropopliteal lesions and vessel diameter, the outcomes for small vessels were significantly worse in the stent group, whereas the outcomes regarding target lesion revascularization and major adverse limb events were similar. After adjustment, a small vessel ( 4 mm) remained an independent predictor of restenosis (HR 1.69; 95% CI 1.44-1.98; p < 0.0001). The authors Figure 8 . Kaplan-Meier analysis of the limb salvage rate. Limb salvage rate at 720 days was 90% and the standard error was <10%.
concluded that the vessel diameter, especially in small vessels ( 4 mm), is associated with poor endovascular therapy outcomes. These findings are similar of those ones found in this present study, where femoropopliteal vessel diameter < 4 mm was associated to a worse primary patency. Another important study in which the results were similar to ours was performed by Okuno et al. 13 who investigated whether the severity of lesion calcification, assessed with PACSS, was associated with the clinical outcomes after endovascular therapy for superficial femoral artery lesions. A multivariate analysis showed that PACSS grade 4 (HR 2.74, 95% CI 1.56-4.83; p < 0.001), diabetes (HR 1.52, 95% CI 1.06-2.20; p ¼ 0.022), lesion length (HR 1.04, 95% CI 1.01-1.07; p ¼ 0.006), and vessel diameter (HR 0.80, 85% CI 0.65-0.98; p ¼ 0.038) were associated with the loss of primary patency. In our study, neither the TASC classification nor diabetes was related to the loss of patency, but PACSS grade 4 and severe calcification (grade > 2) were related to the loss of primary patency. Another factor related to a worse outcome for primary patency in this study was primary angioplasty with stenting. This finding is similar to that of Acin et al.
14 who performed a meta-analysis of randomized controlled trials of the efficacy and safety of balloon angioplasty with optional stenting vs. routine stenting. Based on three studies, the target lesion revascularization at 12 months was better in the stent group than in the non-stent group (odds ratio [OR] 2.47; 95% CI 0.72-8.49; p ¼ 0.065), but the difference was not statistically significant. However, the 12-month binary restenosis rate was significantly lower in the primary stenting group (OR 3.02; 95% CI 1.3-6.71; p < 0.001). They concluded that primary stenting, mainly for long lesions, may be the best option for first-line endovascular treatment of symptomatic disease in the femoropopliteal segment. The reintervention rate and overall survival were not affected by this factor.
The overall perioperative mortality rate in our study was 4.8%, which is satisfactory. The survival rate at 720 days was 82.5%. When we analyzed the factors Figure 9 . Kaplan-Meier analysis of overall survival. Survival rate at 720 days was 82.5% and the standard error was <10%.
associated with survival using Cox regression, no factor was related to a worse survival rate (diabetes mellitus, chronic kidney failure, tobacco use, PACSS, or runoff score). Our estimated survival rate and perioperative mortality rate are similar to those reported in other studies. For example, in a meta-analysis by Mwipatayi et al. 15 in a total of 934 patients, 452 underwent balloon angioplasty (273 patients were male), and 482 underwent stenting (297 patients were male). The 30-day mortality rate was 4%, with a failure rate of 2%. Overall, complications were observed in 11% of patients. The one-year primary patency rates after balloon angioplasty ranged from 45% to 84.2% and at two years, ranged from 25% to 77.2%. Only one study published the four-year primary patency rate, which was 44%. In the stent implantation group, the one-year primary patency rate varied from 63% to 90%, and the two-year primary patency ranged from 46% to 87%. These data are quite similar to those in the present study, in which the estimated primary patency, secondary patency, limb salvage, and overall survival rates at 720 days were 60%, 96%, 90%, and 82.5%, respectively. Soga et al. 16 reported primary patency rates of 79.8%, 66.7%, and 63.1%, and secondary patency of 90.4%, 87.3%, and 86.2% at one, three, and five years, respectively. In a multivariate analysis based on the Cox proportional HR, cilostazol administration (HR; 0.52; p < 0.0001), stent fracture (HR 1.6; p ¼ 0.03), hemodialysis (HR 1.7; p ¼ 0.01), and TASC II class C/D (HR 2.4; p < 0.0001) were independent predictors of primary patency. In our study, the TASC classification did not influence the results for primary patency or limb salvage.
In our department, we do not perform infrapopliteal angioplasty based on the angiosome concept. According to de Athayde Soares et al., 17 the estimates of limb salvage were similar in groups direct and indirect (87% and 92.3%, respectively, at 360 days; p 1 = 4 0.241). The analysis of secondary function did not differ between the two groups (65.1% and 58.3%, respectively, within 360 days; p ¼ 0.92). Operative mortality was 8.3% in group 1 and 8% in group 2 (p ¼ 0.60), and survival at 360 days was 78.5% in group 1 and 78.3% in group 2 (p ¼ 0.86), which were not significantly different. They have found no evidence to support revascularization based on the concept of the angiosome in preference to revascularization of the artery that is most amenable to endovascular treatment for limb salvage and secondary function.
This study has some important limitations. In particular, this retrospective study involved the analysis of consecutive data collected from medical records and our institutional database. This limitation can be addressed with a prospective study. Further investigation must be performed to enable a direct comparison to be made among the patient groups regarding infrapopliteal artery runoff score after femoropopliteal endovascular treatment.
Conclusion
In this study, the main factors associated with worse outcomes of the endovascular treatment of FEPO in terms of loss of primary patency were one tibial vessel or isolated popliteal artery runoff, calcification grade 4, calcification grade > 2, femoropopliteal vessel diameter < 4 mm, or angioplasty without the use of stents. In a Cox Regression univariate analysis, one tibial vessel or isolated popliteal artery runoff was also related to limb loss. Based on the results of this study, we conclude that the endovascular treatment of FEPO is safe, with satisfactory and reproducible longterm outcomes, and has a low perioperative mortality rate.
